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Abst ract .  I n  Redwood Nat ional  Park, e ros ion  c o n t r o l  t r ea tments  
a r e  aimed a t  reducing a c c e l e r a t e d  sediment y i e l d  from lands d i s t u r b e d  
by t imber  h a r v e s t  and road c o n s t r u c t i o n .  Such p r a c t i c e s  address  both 
a c t i v e  and p o t e n t i a l  sediment sources  t o  s t reams.  In  1980, d e t a i l e d  
mapping of f i v e  r e h a b i l i t a t i o n  u n i t s  i d e n t i f i e d  a c t i v e  g u l l y  systems,  
stream courses  d i v e r t e d  from t h e i r  n a t u r a l  channels,  u n s t a b l e  road 
and s k i d  t r a i l  s t ream c r o s s i n g s ,  and mass movement f e a t u r e s .  Approxi- 
mately 1276 ha were examined i n  d e t a i l .  Of t h i s  land,  e ros ion  c o n t r o l  
work was performed on 32 ha .  Primary e ros ion  c o n t r o l  t r ea tments  
u t i l i z e  heavy equipment t o  perform e a r t h  moving t a s k s .  These t r e a t -  
ments, which r e s u l t  i n  t h e  r e d i r e c t i o n  of  a l t e r e d  dra inage networks 
and t h e  removal of unna tu ra l  sediment sources ,  accounted f o r  58 percent  
of t h e  t o t a l  c o s t .  Secondary e ros ion  c o n t r o l  t rea tments  provide  
p r o t e c t i o n  t o  a r e a s  f r e s h l y  d i s t u r b e d  by primary t r ea tments .  These 
measures i n c l u d e  bed and bank p r o t e c t i o n  f o r  excavated s t ream channels,  
and s u r f a c e  p r o t e c t i o n  f o r  b a r e  s o i l  a r e a s .  Secondary t r ea tments ,  
which u t i l i z e  heavy equipment and manual l a b o r  crews, accounted f o r  
34 percen t  of  t h e  t o t a l  c o s t .  The proper  des ign of  stream channel 
excavat ions  can minimize secondary t rea tment  c o s t s .  The proper  
a p p l i c a t i o n  of heavy equipment can lower u n i t  c o s t s  and inc rease  t h e  
c o s t - e f f e c t i v e n e s s  o f  e ros ion  c o n t r o l  t r ea tments .  

INTRODUCTION 1 
In  1978 Redwood Nat ional  Park was expanded by 19,400 ha  i n  t h e  lower Redwood 

reek bas in .  Of t h i s  land,  13,400 ha  had been severe ly  d i s t u r b e d  by t imber 
arves t  and road c o n s t r u c t i o n .  'Concurrent with park expansion, a mul t i - f ace ted ,  
lrge scale rehabilitation program began. R e h a b i l i t a t i o n  e f f o r t s  focused on 
~ d u c i n g  t h e  amount of sediment d e l i v e r e d  t o  t r i b u t a r y  streams of Redwood Creek 
rom d i s t u r b e d  a r e a s ,  and r e s t o r i n g  a n a t u r a l  ecosystem. This paper  summarizes 
l e  eros ion c o n t r o l  work supervised by Redwood National  Park s t a f f  i n  1980. 
l e  e ros ion  c o n t r o l  t r ea tments  used and t h e i r  c o s t s  a r e  d iscussed.  F i n a l l y ,  
camples of unique e ros ion  problems and t r ea tments  found on f o u r  r e h a b i l i t a t i o n  
lits a r e  descr ibed.  The reader  i s  r e f e r r e d  t o  t h e  paper w r i t t e n  by Sonnevil ,  
t. a l .  (1982) d e s c r i b i n g  t h e  evo lu t ion  of  e r o s i o n  c o n t r o l  i n  Redwood National  
ark, and by T e t i  (1982) which o f f e r s  a d e t a i l e d  look a t  one of  t h e  r e h a b i l i -  
i t ion  u n i t s  completed i n  1980. 

l~edwood Nat ional  Park, P.O. Box 36, Orick,  C a l i f o r n i a  95555. 



Erosion c o n t r o l  work proceeds i n  t h r e e  phases.  F i r s t ,  r e h a b i l i t a t i o n  
u n i t s  a r e  mapped i n  d e t a i l  dur ing t h e  r a i n y  season. Active and p o t e n t i a l  
sediment sources  a r e  i d e n t i f i e d  and an e ros ion  con t ro l  plan i s  developed.  
During t h e  second phase, heavy equipment performs e a r t h  moving t a s k s .  Equip- 
ment work is  performed dur ing  t h e  d ry  season, and i s  genera l ly  superv i sed  by 
Redwood National  Park s t a f f .  The t h i r d  phase involves  l abor  i n t e n s i v e  work 
and i s  performed by park l a b o r  crews, l abor  c o n t r a c t ,  o r  v ~ l u n t a r y  youth 
o r g a n i z a t i o n s .  1 

A s  i d e n t i f i e d  by f i e l d  mapping, t imber  ha rves t  a c t i v i t i e s  had caused 
s e v e r e  and widespread d i s tu rbance  t o  n a t u r a l  dra inage networks: and h i l l s l o p e  
a r e a s .  Roughly 60 percent  of  t h e  1980 r e h a b i l i t a t i o n  u n i t s  had been logged 
s i n c e  1970, of  which 80 pe rcen t  had been t r a c t o r  yarded. T r a c t o r s  had 
commonly en te red  and crossed stream channels  t o  ob ta in  access  t o  f e l l e d  
t imber.  I n  doing so ,  t r a c t o r s  would s i d e c a s t  e a r t h  and woody d e b r i s  i n t o  
n a t u r a l  stream channels c r e a t i n g  new sediment sources  and p o t e n t i a l  s t r eam 
d ive r s ions .  Skid  t r a i l  c r o s s i n g s  each contained an est imated 70-230 m3 of 
f i l l  m a t e r i a l .  While t h e s e  commonly eroded dur ing  l a r g e  storm even t s ,  
some remained i n t a c t  and d i v e r t e d  streamflow down s k i d  t r a i l s  o r  a c r o s s  
h i l l s l o p e s  causing severe  g u l l y  e ros ion .  Skid t r a i l  su r faces  a l s o  concen- 
t r a t e d  storm runoff and t h e i r  cutbanks o f t en  i n t e r c e p t e d  win te r  groundwater 
l e v e l s .  Where waterbars had no t  been cons t ruc ted ,  o r  were improperly 
p laced,  s k i d  t r a i l s  developed g u l l i e s  and, i n  severa l  ins tances ,  d i r e c t e d  
storm runoff  on to  u n s t a b l e  log landings .  

Stream d ive r s ions ,  g u l l y  e ros ion ,  and mass wasting of f i l l  m a t e r i a l  were 
a l s o  common along haul  roads  where c u l v e r t s  had been in f requen t ly  spaced,  
improperly s i z e d ,  and/or poor ly  maintained.  Some ephemeral and i n t e r m i t t e n t  
s t reams had been d i v e r t e d  by road c o n s t r u c t i o n  because c u l v e r t s  had n o t  
been i n s t a l l e d .  During storm even t s ,  c u l v e r t  c a p a c i t i e s  were o f t e n  exceeded 
and c u l v e r t  i n l e t s  f r e q u e n t l y  p lugged-with  d e b r i s .  As a  r e s u l t ,  s treamflow 
e i t h e r :  1 )  breached t h e  road s u r f a c e  eroding massive volumes o f  f i l l  from 
road c ross ings ,  2)  d ischarged onto broad h i l l s l o p e  a reas  causing g u l l y  
e ros ion ,  o r  3)  was d i v e r t e d  i n t o  an ad jacen t  stream channel causing 
a c c e l e r a t e d  bank and channel e ros ion  a s  a  r e s u l t  of  increased streamflow. 

caused t h e  development of unique o r  complex eros ion problems. Newly c r e a t e d  
surficial processes and the redistribution of mass on uns tab le  h i l l s l o p e s ,  
r e - a c t i v a t e d  pre- logging mass movement f e a t u r e s ,  and, i n  some cases, init iated 

cutover  u n i t s  appeared t o  stem from t h e  major storm events  i n  1972, and 1975. 
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EROS ION CONTROL TREATUENTS 

Erosion c o n t r o l  t r ea tments  c o n s i s t e d  o f  primary and secondary t r ea tments .  
Primary t r ea tments  a r e  e a r t h  moving f u n c t i o n s  performed by heavy equipment 
to :  1)  r e d i r e c t  dra inage networks a l t e r e d  by hau l  road and s k i d  t r a i l  
cons t ruc t ion ,  and 2) remove both a c t i v e  and p o t e n t i a l  sediment sources  t o  
streams. Secondary t r ea tments  encouraged t h e  s t a b i l i z a t i o n  of a r e a s  f r e s h l y  
d i s tu rbed  by primary t r ea tments .  These t r ea tments  included t h e  placement of 
check dams and rock armor i n  excavated stream channels,  and t h e  a p p l i c a t i o n  of 
s t raw mulch and r e v e g e t a t i o n  t r e a t m e n t s  t o  ba re  s o i l  a r e a s .  Both heavy equip- 
ment and manual l a b o r  crews performed secondary t r ea tments .  In  1980, f i v e  
r e h a b i l i t a t i o n  u n i t s  were completed under t h e  superv i s ion  o f  Redwood National  
Park s t a f f .  Approximately 1276 ha  were mapped i n  d e t a i l .  O f  t h i s  land,  
eros ion c o n t r o l  work was performed on 32 ha which inc ludes  23.5 km of haul  
roads.  The t o t a l  c o s t  of e ros ion  c o n t r o l  work was $587,320, of  which, 
primary and secondary t r ea tments  accounted f o r  58 pe rcen t  and 34 percen t  
r e s p e c t i v e l y .  Figure  1 provides  a breakdown of  a l l  c o s t s .  

Drainage networks were r e d i r e c t e d  by removing hau l  roads ,  excavat ing road 
and s k i d  t ra i l  c ross ings ,  t r e a t i n g  log  landings ,  and cons t ruc t ing  waterbars .  
The degree o f  road remove1 considered road bench s t a b i l i t y ,  proximity  t o  
stream channels,  and road l o c a t i o n  ( p r a i r i e  o r  f o r e s t ) .  Road removal 
u t i l i z e d  combinations of  d r a g l i n e  c ranes ,  h y d r a u l i c  excavators ,  c rawle r  
t r a c t o r s ,  backhoes and/or dump t r u c k s .  Typ ica l ly ,  road s u r f a c e s  were 
decompacted [ripped) t o  a depth of 50 cm using ch ise l  t e e t h  mounted t o  a 
D-8 ( o r  equ iva len t )  c rawle r  t r a c t o r  a t  an average cos t  o f  $427/km. Road 
benches were then e i t h e r ;  1)  c ross - road  dra ined ( c l o s e l y  spaced, deep 
troughs cu t  a c r o s s  t h e  road bench t o  decrease  concentra ted  inboard d i t c h  
r u n o f f ) ,  2) p a r t i a l l y  outs loped,  o r  3) completely outs loped.  In 1980, 
23.5 km of  haul roads were removed. O f  t h i s  t o t a l ,  backhoe- t rac tor  teams 
cross-road dra ined 14.6  km o f  f o r e s t  roads  a t  an average c o s t  of $1515/km. 
P a r t i a l  ou t s lop ing  was performed on 5 .8  km of  f o r e s t  roads by h y d r a u l i c  
excavator-backhoe- t rac tor  teams a t  an average c o s t  of  $1750/km. In  t h e  
p r a i r i e s ,  where a e s t h e t i c s  were a l s o  considered,  e x c a v a t o r - t r a c t o r  teams 
completely outs loped 3 .1  km of roads  a t  a  c o s t  o f  $4297/km ( f i g .  2 ) .  

Like haul roads,  l o g  l and ing  s u r f a c e s  a r e  compacted and concen t ra te  
storm runof f .  To improve i n f i l t r a t i o n  r a t e s  and d i s p e r s e  s u r f a c e  runoff ,  
t r a c t o r s  r ipped  and p a r t i a l l y  ou t s loped  landing su r faces .  A t o t a l  o f  26 
landings  (.2 - . 3  ha each) were t r e a t e d  a t  an average c o s t  of  $1200/landing. 

: Waterbars d i r ec t  concentrated runoff from compacted, bare soil areas 
onto  more s t a b l e ,  vege ta ted  ground. P roper ly  cons t ruc ted  and placed,  water- 
Bars can de-water a c t i v e  g u l l y  systems and prevent f u r t h e r  g u l l y i n g .  T r a c t o r s  
and/or  backhoes cons t ruc ted  waterbars  on s k i d  t r a i l s  ($9 - $30 each) a t  an 
average cos t  o f  $19 each. Labor crews a l s o  cons t ruc ted  waterbars ,  bu t  only 
in  a r e a s  where equipment access  was i m p r a c t i c a l  ($19 - $48 each) .  
1 

I Primary eros ion c o n t r o l  t r e a t m e n t s  a l s o  included t h e  removal o f  a c t i v e  
and p o t e n t i a l  sediment sources  t o  s t ream channels .  Such sediment sources  
included haul road and s k i d  t r a i l  c r o s s i n g s ,  u n s t a b l e  o r  overs teepened 
f i l l s l o p e s  along roads,  and u n s t a b l e  l o g  l and ings .  In  1980, an es t ima ted  



' ' 1  ' 
3 

channel bunk 

FIGURE 1. Cost breakdown t o  perform 1980 erosion control work. 

F I G U R E  2. Before (2-a) and a f t e r  (2-b) sequence of p r a i r i e  road removal 
(complete out  s l o p i n g ) .  A hydrau l i c  excavator  and c rawle r  t r a c t o r  

ing s lope morphologies. 
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35,400 m3 of f i l l  was excavated from stream channel c ross ings  a t  an average 
cos t  of $4.90/m3. Stream channels were excavated t o  approximate pre- logging 
s ides lope  geometries and channel g r a d i e n t s  ( f i g .  3 ) .  Skid t r a i l  c ross ings  

'accounted f o r  8700 m3 ($2 - $9/m3), and haul road c ross ings  accounted f o r  
26,700 m3 ($2 - $15/m3). Typ ica l ly  hydrau l i c  excavators,  d r a g l i n e  c ranes ,  
o r  backhoes, and crawler  t r a c t o r s  o r  loaders  removed f i l l  from road c r o s s i n g s  
and s t o r e d  t h e  removed f i l l  wi th in  60 m from t h e  excavation s i t e .  A t  some 
,stream channels ,  t h e  ad jacen t  road cutbanks i n t e r c e p t e d  groundwater and t h i s  
prevented t h e  immediate a r e a  from being used a s  s to rage .  Excavated f i l l  
from such road c r o s s i n g s  was loaded i n t o  dump t r u c k s  t o  be t r a n s p o r t e d  (end- 
hauled) and s t o r e d  a t  a dry ,  s t a b l e  l o c a t i o n  ($6.50 - $ll /m3).  A s i m i l a r  
approach was p r e s c r i b e d  t o  t r e a t  u n s t a b l e  road segments loca ted  above stream 
'channels where s u i t a b l e  s t o r a g e  space  was n o t  a v a i l a b l e .  Approximately 
'1500 m3 of u n s t a b l e  road f i l l  was r e t r i e v e d  and endhauled ($5 - $9/m3). 
i 
' :  Secondary t r ea tments  were designed t o  minimize channel eros ion i n  newly 
;excavated s t ream channels,  and t o  e l i m i n a t e  rill  and g u l l y  eros ion on f r e s h l y  
'd is turbed ground. Channel p r o t e c t i o n  c o n s i s t e d  of rock armor and check dams 
whi le  ad jacen t  banks were p r o t e c t e d  by combinations of straw, seed mixes, 
!jute n e t t i n g  ( l o o s e l y  woven hemp), Curlex (shredded aspen i n  a monofilament 
, n e t t i n g ) ,  and seed1 i n g s .  

Crawler t r a c t o r s ,  dump trucks,  and track-mounted loaders  were used t o  
quarry  and t r a n s p o r t  rock t o  excavated stream channels .  A t o t a l  of  6300 m3 o f  
~ o c k  was del ivered t o  r ehab i l i t a t i on  u n i t s  a t  an average cost of $12/m3 
'($9 - $22/m3). Stream channels r e q u i r e d  26-325 m3 of rock ranging from 
15-90 cm i n  d iameter .  Any combination o f  crane ,  excavator,  o r  backhoe, 
and t r a c t o r  o r  loader  p laced  rock in  stream channels a t  c o s t s  ranging from 
$1.50 - $21/m3. Using heavy equipment, t h e  average c o s t  f o r  ~ ' o c k  placement 
was $7.25/m3., Labor crews performed t h e  f i n a l  adjustment of rock placed by 
,heavy equipment,and placed rock i n  smal le r  channels where l a r g e  boulders  
were not  e s s e n t i a l .  In t h e s e  smal le r  channels,  l a b o r  c o s t s  f o r  rock p lace -  
ent ranged from $19 - $57/m3 and averaged $42/m3. Rock armor a d j u s t s  
l i g h t l y  i n  response t o  t h e  f i r s t  runof f  even t s ,  and r e q u i r e s  l i t t l e  o r  no 

maintenance. 

: Like rock armor, check dams can minimize channel e ros ion  i n  newly 
'xcavated stream channels .  Check dams a r e  cons t ruc ted  from m i l l e d  redwood 
oards and have an es t imated u s e f u l  l i f e  of 10 yea r s .  P r i o r  t o  1980, check 
ams were commonly cons t ruc ted  i n  small  s t reams,  and were capable  of con- 
a in ing an es t imated peak d i scharge  o f  l e s s  than .2 crns. In  1980, exper i -  
e n t a l  check dams were cons t ruc ted  wi th  t h e  l a r g e s t  group capable  of con ta in ing  
n es t imated 1.4 crns peak d i scharge .  A t o t a l  of 424 check dams were cons t ruc ted  
t an average cost of  $109/dam ($25 - $1400/dam). S i n g l e  board check dams, 
eraging 1 m high and 2 m long,  c o s t  from $25 - $84/dam and averaged $37/dam. 
e average c o s t  t o  c o n s t r u c t  m u l t i p l e  board check dams ( 1 . 3  m h igh,  4 . 6  m long) 
s $156/dam and ranged from $117 - $1400/dam. Check dams must be p e r i o d i c a l l y  
spected and maintained t o  prevent p lugging and washing-out of t h e  e n t i r e  
r u c t u r e .  



FIGURE 3. Before (3-a) and a f t e r  (3-b) sequence of a haul road c r o s s i n g  
excavat ion from an i n t e r m i t t e n t  stream channel. As a primary 
t r ea tment ,  a c rawle r  t r a c t o r  and t r a c k  mounted backhoe-loader 
excavated approximately 769 m3 of  f i l l  from t h e  s t ream channel.  
Rock armor was p r e s c r i b e d  a s  a secondary t rea tment  and was 
p laced  by t h e  same equipment. The excavat ion requ i red  a 
combined t o t a l  of  18 equipment hours ,  and rock placement 



Secondary t r ea tments  were a l s o  designed t o  prevent  shee t ,  rill and g u l l y  
from b a r e  s o i l  a r e a s ,  t o  p r e s e r v e  open s o i l  s t r u c t u r e  and high 

: i n f i l t r a t i o n  r a t e s ,  and t o  a i d  i n  subsequent r evege ta t ion .  Straw mulch was 
appl ied  t o  b a r e  s o i l  a r e a s  a t  r a t e s  o f  4500 - 6700 kg/ha; average c o s t  of 

: app l i ca t ion  was $1800/ha. On s t e e p  channel banks (>250) j u t e  n e t t i n g  was 
p, app l i ed  over  a s t r aw l a y e r  and anchored t o  t h e  ground with redwood s t akes .  

This technique prevented t h e  s t r aw from being blown off  t h e  channel banks 
[ l n d  added f u r t h e r  p r o t e c t i o n  a g a i n s t  s u r f a c e  eros ion and s o i l  compaction. 

The average c o s t  t o  apply  st raw and j u t e  n e t t i n g  was $1. 55/m2 ($1 5,00O/ha). 
$ 1  

1. 
SITE SPECIFIC EROSION CONTROL TREATMENTS 1; 

The e ros ion  c o n t r o l  t r ea tments  desc r ibed  i n  t h e  preceding s e c t i o n  were 

e t y p i c a l  of most work performed i n  1980. However, unique e ros ion  c o n t r o l  
$ t rea tments  were p r e s c r i b e d  t o  t r e a t  unusual  o r  complex e ros iona l  processes  
T . i d e n t i f i e d  on each o f  t h e  r e h a b i l i t a t i o n  u n i t s .  
!. : 

P r i d g e  Creek, M-6-2 Road and Slope Unit 
i ' 
f 

An eros ion c o n t r o l  t r ea tment  unique t o  t h e  Bridge Creek, M-6-2 r e h a b i l i -  
: . tat ion u n i t  was t h e  at tempted s t a b i l i z a t i o n  of a -80  ha  l a n d s l i d e .  Constructed 
P i n  t h e  e a r l y  1 9 7 0 t s ,  t h e  M-6-2 road crossed 200-270 h i l l s l o p e s  approximately 
I100 m above t h e  main channel of Bridge Creek. Underlain by h igh ly  sheared 
$!schist, a r e a s  on t h e  h i l l s l o p e  had an a c c e l e r a t e d  s o i l  c reep / l ands l ide  
, h i s t o r y .  On one such a r e a ,  an es t ima ted  4200 m3 of f i l l  had been s i d e c a s t  
onto t h e  crown of an o l d  1 a n d s l i d e  dur ing  road c o n s t r u c t i o n .  A small log 
' landing had a l s o  been cons t ruc ted  t h e r e .  Three t r a c t o r  s k i d  t r a i l s ,  con- 
s t r u c t e d  immediately above and l ead ing  down t o  t h i s  landing,  c rea ted  f u r t h e r  
ground d i s tu rbance  i n  t h i s  n a t u r a l l y  u n s t a b l e  a r e a .  The d i s tu rbance  caused 
by road and s k i d  t r a i l  cons t ruc t ion  a l t e r e d  s u r f a c e  and groundwater dra inage 
: c h a r a c t e r i s t i c s  and loaded t h e  crown of  t h e  s l i d e .  In a l l  p r o b a b i l i t y ,  
[groundwater l e v e l s  were a l s o  inc reased  by t h e  c l e a r c u t t i n g  of  upslope a r e a s .  
:As a r e s u l t ,  an 80 m wide, approximately 100 m long h i l l s l o p e  region,  including 
;the road prism, f a i l e d  i n  response  t o  1972 storm events .  Por t ions  of t h e  
'S l ide  mass continued t o  show r e c e n t ,  i n t e r m i t t e n t  movement and a s i g n i f i c a n t  
!volume of  m a t e r i a l  remained perched above Bridge Creek. Fresh,  v e r t i c a l  
I 
'displacements up t o  1 m were observed a long t h e  crown and margin sca rps ,  and 
discont inuous  d ra inages  maintained s a t u r a t e d  s o i l  cond i t ions  throughout s e v e r a l  
l o c a t i o n s  on t h e  upper s l i d e  mass. 

S t a b i l i z a t i o n  e f f o r t s  were d i r e c t e d  towards unloading weight from t h e  
' s l ide ,  and improving surface and subsur face  dra inage.  During the wet season, 
'Springs and groundwater d i scharge  a r e a s  c r e a t e d  by s k i d  t r a i l  c u t s  were 
' located and mapped. During t h e  dry  season,  a d r a g l i n e  crane and crawler  
k r a c t o r  excavated an es t imated 3076 m3 o f  f i l l  from t h e  upper .30  ha of t h e  
s l i d e ,  and dump t r u c k s  endhauled t h e  m a t e r i a l  t o  a dry ,  s t a b l e  s to rage  
l o c a t i o n .  The combined c o s t s  t o  excav:ate a n d  e n d h a u l  t h e  f i l l  m a t e r i a l  
averaged $6.91/m3. Upon completion of t h e  f  i l l  removal, groundwater d ischarge  
a reas  were r e l o c a t e d  and combined with s u r f a c e  d ra inages  t o  form an a r t i -  
f i c i a l l y  cons t ruc ted  d ra inage  network. A backhoe then excavated dra inage 



channels  throughout t h e  t r e a t e d  p o r t i o n  of t h e  s l i d e  t o  c o l l e c t  water and 
speed d ra inage  a c r o s s  t h i s  s e n s i t i v e  a r e a .  To prevent  bank and channel 
e r o s i o n ,  l a b o r  crews const ructed 115 check dams i n  t h e  d ra inage  channels  

1920 Road and Slope Unit 

Erosion c o n t r o l  work unique t o  t h e  1920 r e h a b i l i t a t i o n  u n i t  inc luded 
t h e  ex tens ive  excavat ion of s k i d  t r a i l  c r o s s i n g s  and d ra inage  d i t c h e s  t o  
improve d ra inage  above a  l a r g e ,  i n c i p i e n t  h i l l s l o p e  i n s t a b i l i t y .  Located 

region and evidence of previous  mass movement e x i s t s  a c r o s s  t h e  e n t i r e  u n i t  
a s  " t r ead  and r i s e r "  topography, o ld  s c a r p  t r a c e s ,  and a  topograph ica l ly  
i n v e r t e d  s t ream reach ( i .  e . ,  f lows along a  r i d g e  c r e s t ) .  The logging 
h i s t o r y  of t h i s  u n i t  d a t e s  back t o  t h e  19501s ,  but  a c c e l e r a t e d  t imber  
h a r v e s t  d i d  no t  occur  u n t i l  1973-1975. Approximately 75 percent  o f  t h i s  
u n i t  was t r a c t o r  yarded, and i n  p o r t i o n s  o f  t h i s  u n i t ,  d i s tu rbance  t o  
na tu ra l  drainage networks was extensive. 

and 200 m.above. Fa r the r  above t h e  s l o p e  i n s t a b i l i t y ,  t h e  headwater region 
of i n t e r m i t t e n t  streams were e x t e n s i v e l y  damaged by t r a c t o r  a c t i v i t y .  S t r e  
channels were f i l l e d  with s i d e c a s t  m a t e r i a l  and crossed by numerous sk id  

focused on reducing t h e  ea r th f low p o t e n t i a l  of  t h i s  h i l l s l o p e  i n s t a b i l i t y .  
These measures were an a t tempt  t o  p reven t  s a t u r a t e d  s o i l  cond i t ions  by 
co l l ec t ing ,  d i r ec t ing ,  and speeding sur face  drainage. Two backhoes and a . 

an average c o s t  of $625/cross ing ($6.00/m3). Three dra inage d i t c h e s  and . 
5 3  wate rbars  were cons t ruc ted  a t  average u n i t  c o s t s  o f  $660 and $9.30 ' 

eros ion .  

280 



Maneze Creek Unit 

On t h e  Maneze Creek Unit ,  g u l l y  e r o s i o n  was t r e a t e d  on h i l l s l o p e s  t h a t  had 
been e x t e n s i v e l y  d i s t u r b e d  by s k i d  t r a i l  cons t ruc t ion  during t r a c t o r  logging i n  
the e a r l y  1970's .  Skid t r a i l s  were n o t  waterbarred following t imber h a r v e s t ,  
and storm runoff and i n t e r c e p t e d  groundwater concentra ted  on sk id  t r a i l s  
=ausing severe  g u l l y  eros ion.  A p a r t i c u l a r l y  a c t i v e  g u l l y  system averaging 
6.2 m wide and 2 .5  m deep, had downcut through h igh ly  e ros ive  Atwell s o i l s  and 
was d e l i v e r i n g  sediment d i r e c t l y  t o  Maneze Creek, a  perennia l  t r i b u t a r y  t o  
Redwood Creek. Furthermore, t h e  g u l l y  system appeared t o  be a c c e l e r a t i n g  t h e  
development of a  l a r g e  h i l l s l o p e  f a i l u r e  (es t imated 20,000 m3) by feeding a  
*or t ion of i t s  flow i n t o  the  headscarp reg ion  of t h e  h i l l s l o p e  f a i l u r e .  Below 
the headscarp,  t h e  g u l l y  was cont inuing t o  downcut and enlarge  f o r  t h e  remain- 
ing 250 m o f  i t s  l eng th  t o  Maneze Creek. 
1, 
i 

A d i v e r s i o n  channel was p r e s c r i b e d  t o  de-water t h e  g u l l y  system. The 
divers ion was designed t o  i n t e r c e p t  h i l l s l o p e  runoff  and g u l l y  f low from t h e  
j t a b l e  headwaters of t h e  g u l l y  and d e l i v e r  t h e  runoff d i r e c t l y  t o  Maneze Creek. 
~ e a v ~  equipment excavated a  low g r a d i e n t ,  200 m long d ive r s ion  channel n e a r l y  
aiong contour .  Approximately 3800 m3 o f  m a t e r i a l  was excavated a t  an average 
b s t  of $3.50/m3. Following t h e  excavat ion,  equipment placed 285 m3 of rock 
averaging 60 cm i n  diameter t o  prevent  channel enlargement and downcutting. 
Equipment c o s t  t o  armor t h e  channel averaged $12/rn3. 

W-Line Road and Slope Unit 
i 
I P r a i r i e  r e s t o r a t i o n  was t h e  theme on t h e  W-Line r e h a b i l i t a t i o n  u n i t .  This 
unit encompassed 8 1  ha  o f  n a t u r a l  g r a s s l a n d s  of  Dolason P r a i r i e  ac ross  which 
3.1 km o f  logging haul road had been cons t ruc ted  i n  t h e  l a t e  1950 's .  The lower 
1  km was l a t e r  upgraded t o  gain  access  t o  two t imber u n i t s  completed i n  1977. 
The e a r l i e r  haul  road crossed emphemeral s t reams i n  16 loca t ions ,  and t h e  
cross ings  were e i t h e r  l o g / f i l l  ('fHumboldt") o r  f i l l  cons t ruc t ions .  Twelve 
cross ings  had e i t h e r  washed ou t  o r  plugged and d i v e r t e d  flow down the  inboard 
ditch of  t h e  road. Extensive g u l l y  e ros ion  and channel e ros ion  had occurred.  
P r a i r i e  s o i l s  a r e  h igh ly  e r o d i b l e ,  l ack  deep r o o t  s t r u c t u r e s  which can i n h i b i t  
the r a t e  o f  downcutting, and have low i n f i l t r a t i o n  r a t e s  and shallow ground- 
yater  l e v e l s .  These f a c t o r s  make them e s p e c i a l l y  s e n s i t i v e  t o  a l t e r e d  
hydrologic cond i t ions .  

: The high v i s i b i l i t y  and easy access  t o  p r a i r i e  land impl ies  a  g r e a t e r  
3o ten t i a l  f o r  f u t u r e  v i s i t o r  use  and p l a c e s  a  h igher  value  on t h e  a e s t h e t i c  
i ~ p e a r a n c e  of p r a i r i e s  than on logged f o r e s t  l ands .  Therefore,  e ros ion  c o n t r o l  
c e s c r i p t i o n s  considered t h e  a e s t h e t i c  v a l u e  of t h e  p r a i r i e s  a s  wel l  a s  t h e  
~~osional t( processes. The h a u l  road was completely outs loped a l lowing runoff 
\o remain d i spe r sed .  Slope morphologies above and below the  road were blended 
together s o  v i r t u a l l y  no t r a c e  o f  t h e  road was v i s i b l e  ( f i g .  2 ) .  S ix teen  road 
l ross ings  were removed by a  h y d r a u l i c  excava to r  and crawler  t r a c t o r  a t  a  c o s t  
jf $4731 ($295/each). The p r a i r i e  road was completely outs loped by a  h y d r a u l i c  
jxcavator and crawler  t r a c t o r  with a  6-way b l a d e .  To ta l  cos t  t o  ou t s lope  3 .1  km 

I road was $13,321 ($4297/km). Secondary t r e a t m e n t s  included seed and s t r aw 
p l i c a t i o n  on recontoured s l o p e s ,  and rock o r  small  check dam placement i n  

>tream channels.  k 



1. 

A s  f o r  t h e  success  of e ros ion  c o n t r o l  t r ea tments ,  we must assume a "wait 

DISCUSSION 

Erosion c o n t r o l  t r ea tments  a r e  d i v i s i b l e  i n t o  primary and secondary t r e a t -  
ments. Primary t r ea tments  r e s u l t  i n  t h e  phys ica l  removal of  p o t e n t i a l l y  
e r o d i b l e  f i l l  and woody d e b r i s ,  and t h e  alignment and/or improvement of  
d ra inage  networks. Secondary t r ea tments  provide  p r o t e c t i o n  t o  a r e a s  f r e s h l y  

of equipment used. Perhaps t h e  most important  f a c t o r  i s  t h e  l a t t e r .  Unit  cost  
a r e  a f f e c t e d  by equipment a p p l i c a t i o n  simply by having t h e  r i g h t  equipment f o r  
the  job. Based on the  pas t  t h ree  years of experience, hydraulic excavators and'' 
c rawle r  t r a c t o r s  appear t o  be t h e  most c o s t - e f f e c t i v e  equipment combinations for, 
most e a r t h  moving t a s k s .  

In 1980, secondary t r ea tment  c o s t s  accounted f o r  34 percen t  of  t h e  t o t a l  i. 
c o s t  f o r  eros ion c o n t r o l .  Of t h i s  c o s t ,  check dams and rock armor account f o r  - 

92 pe rcen t .  Check dams and rock armor minimize bank and channel e r o s i o n  i n  

In c o n t r a s t  t o  1980, "eros ion p o t e n t i a l s "  a r e  now being performed t o  
p r e d i c t  t h e  c o s t - e f f e c t i v e n e s s  of t r ea tments  proposed a t  a l l  work s i t e s .  The ,. 
sediment t o  be  saved by performing a t rea tment  i s  weighed a g a i n s t  t h e  c o s t  

,%., 

t o  perform t h a t  t r ea tment .  Secondary t r ea tment  c o s t s  may be reduced by 
perhaps  80 percent  by e l i m i n a t i n g  excess ive  rock, and check dam t r e a t m e n t s .  
Supervisory  g e o l o g i s t s  and h y d r o l o g i s t s  a r e  more experienced wi th  heavy equip- 
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